On the relationship of zinc ion to the structure and function of the 7S nerve growth factor protein.
The 7S nerve growth factor (7S NGF) is an oligomeric protein consisting of three distinct classes of subunits, alpha,beta, and gamma (A. P. Smith, S. Varon, and E. M. Shooter (1968), Biochemistry 7, 3259). The beta subunit contains the growth promoting activity while gamma is a potent esteropeptidase. The proteolytic activity of gamma is virtually completely inhibited in the 7S NGF aggregate (L. A. Greene, E. M. Shooter, and S. Varon (1969), Biochemistry 8, 3735). In this paper, we report that divalent metal ion chelating agents effect a seven- to tenfold increase in the esteropeptidase activity of 7S NGF at pH 7.40. Plots of esteropeptidase activity vs. chelator concentration give saturation curves which are either sigmoidal (EDTA) or hyperbolic (o-phenanthroline) depending on the chemical structure of the chelator. A survey of common divalent metal ions shows that only zinc ion (Ki = 8 times 10(7) M) and, to a lesser extent, cadmium ion are effective, reversible inhibitors of both 7S NGF and the gamma subunit esteropeptidase activities. We have found that during isolation of 7S NGF, Zn2+ is selectively associated with the oligomer in a ratio of approximately 1-2 g-atoms of zinc/mol of 7S NGF with an apparent affinity which is orders of magnitude tighter than is indicated by the Ki value for the gamma subunit. Dialysis to pH 4.0 where 7S NGF is known to undergo a reversible dissociation (A. P. Smith, S. Varon, and E. M. Shooter (1968), Biochemistry 7, 3259) brings about a tenfold reduction in the zinc ion content of the protein. This reduction is reversed on dialysis back to pH 7.4. In contrast, the isolated subunits contain only trace amounts of zinc ion at pH 7.4. Preliminary metal ion exchange experiments indicate that, of the common metal ions known to substitute for zinc in other zinc-metalloproteins, only cadmium ion is effective in substituting for zinc ion in 7S NGF. The fact that zinc ion is specifically bound to native 7S NGF, and that the zinc ion content of the system is critically dependent on the subunit aggregation state strongly suggests that zinc ion is an integral structural component of native 7S NGF.